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(S3) Accelerated weathering apparatus. 

(57) A weathering apparatus having a light source 
50 which irradiates onto specimens located in a 
specimen supporting wall 46 which is located 
on a side of a test chamber 44. The output of the 
light source is controlled by independently ad- 
justable control channels. Each of the control 
channels include a light source detector e.g. 
56c inserted into the test chamber, control cir- 
cuitry, and ballasts 56a-62a connected to the 
light sources. The light sources are controlled 
by the control channels to deliver an output 
equivalent to a desired set-point. In order to 
disperse light in an even manner to the speci- 
mens, a barrier e.g. 102, 104 is provided which 
interferes in a predetermined pattern with the 
passage of light produced by the light sources. 
The apparatus includes a calibrating device 74 
which automatically transfers an irradiance sig- 
nal from a reference detector selectively posi- 
tioned immediately adjacent the light source 
detector. The calibration signal is sent to the 
controller where the re-calibration of a selected 
control channel is accomplished. 
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This invention pertains to the art for testing spe- 
cimens for fastness and deterioration under light, and 
more particularly, to such an apparatus using dis- 
charge lamps as light sources. 

This invention is particularly applicable to testing s 
of specimens using fluorescent ultraviolet lamps to 
simulate the deterioration caused by sunlight and will 
be described with particular reference thereto. How- 
ever, it will be appreciated that the application has 
broader applications and may be advantageously em- 10 
ployed in apparatuses using xenon lamps and in con- 
nection with many other accelerated weather testing 
concepts and uses. 

A conventional testing apparatus using discharge 
lamps as shown in FIGURE 1 has eight ultraviolet flu- is 
orescent lamps 10 provided in a test chamber 12 and 
arranged into symmetric downwardly divergent rows 
when viewed in cross-section. Specimens 14 to be 
tested are attached to two opposite specimen sup- 
porting walls of the housing of the test apparatus so 20 
as to face inwardly toward the fluorescent lamps and 
receive the light irradiance therefrom. In the machine 
shown, there are two specimens, an upper and lower 
one. However, there may be only a single specimen 
ormore than two. The rear surfaces of the specimens 2s 
14 are exposed to the atmospheric air outside the ma- 
chine. Outside air is heated and blown into the interior 
of the chamber 12 to regulate the temperature in the 
chamber 12. Water in moisture supply tank 16 is made 
hot and evaporated to supply moisture into the cham- 30 
ber 12. 

In the above-described testing machine, one ex- 
ample of the machine's operation includes applying 
ultraviolet rays to the specimens 14 at a temperature 
of 60°C for 1 6 hours and the fluorescent lamps 10 are 35 
turned off and the interior of the chamber 12 is kept 
at 50°C for eight hours. These two steps, which con- 
stitute one cycle of a deterioration testing operation, 
are repeated continuously. While the fluorescent 
lamps are off, the humidity in the chamber 12 is high, 40 
and the rear surfaces of the specimens are exposed 
to the outside air at a low temperature. Accordingly, 
the surface of the specimens are wetted due to con- 
densation. Thus, the wetting of the specimens, the 
applying of ultraviolet rays, and the drying are repeat- as 
ed, which speeds the deterioration of the specimens. 
It is to be appreciated that the above description is 
just one type of cycle for which machines of this na- 
ture can be used. 

Problems, however, exist with the apparatus so 
shown in FIGURE 1. Initially, there is no provision for 
sensing the output of the fluorescent lamps 10, in or- 
der to track their rate of degradation. A normal proce- 
dure for attempting to provide a uniform output from 
the lamps, in such a device, is to rotate the positions 55 
of the lamps at predetermined time intervals in a pre- 
determined sequence. Testing of the lamps to detect 
actual output is not provided, rather, assumptions are 



made as to the likely output, and the rotation se- 
quence is made in consideration of the assumptions. 

An additional drawback of this type of device is 
that the discharge lamps 10 which are located on one 
side of the chamber 12 transmit light beams to the op- 
posite side of the chamber. For example, the row of 
lamps on the left side of the chamber in FIGURE 1 are 
intended to produce irradiance for the specimen 14 
also on the left side of the chamber. However, these 
lamps also produce beams in an undesirable fashion 
on the specimens 14 on the right hand side of the 
chamber 12. These undesirable beams tend to con- 
centrate towards the middle of the specimen support- 
ing wall. Therefore, a common problem is having the 
specimens which are located nearest the middle of 
the testing apparatus receiving higher doses of irradi- 
ance than those specimens arranged toward the top 
or bottom of the apparatus. This decreases the uni- 
formity with which irradiance is transferred to the 
specimens. 

Various attempts have been made to improve on 
the above-noted drawbacks of the conventional test- 
ing apparatus shown in FIGURE 1. Among these is an 
apparatus from Adas Electric Devices Company, 
called Atlas Ci35 FADE-OMETER®; an apparatus 
from Heraeus called XENOTEST® 1200 CPS; U.S. 
Patent to Suga, 4,544,995 issued October 1, 1985; 
and U.S. Patent to Kockott, et aL, 4,544,995 issued 
April 27, 1971. 

The Atlas device is arranged for use with a xenon 
arc lamp and includes a closed loop irradiance mon- 
itor as its primary light control system. The monitor, 
using a light pipe, interference filter and photosensi- 
tive diode feeding into solid state electronics, main- 
tains predetermined irradiance levels and totalizes 
the energy received by the samples through an inte- 
grator. This* device is also equipped with manual ir- 
radiance controls for use when periodically calibrating 
the system. 

The apparatus from Heraeus is also directed for 
use with xenon arc lamps. This device employs three 
light detectors to detect the output of three individual 
xenon arc lamps. 

A conventional apparatus including elements of 
these two above-discussed devices is shown in FIG- 
URE 2. In this Figure, discharge lamps 30 which can 
be of a xenon type, are vertically disposed. A filter 32 
surrounding the discharge lamps 30 is provided to al- 
low only desired wavelengths of light to pass. Sen- 
sors 34 are provided to sense the output of the vert- 
ically positioned discharge lamps 30, and a rotating 
specimen holding rack 36 is positioned to encircle the 
discharge lamps 30. Each of the detectors 34 are pro- 
vided to detect the irradiance produced from a re- 
spective discharge lamp 30 over time. The rotating 
specimen holding rack 36 rotates the specimens lo- 
cated in the specimen holding rack 36. The sensors 
34 are provided to track the output of the discharge 
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lamps 30, and the rotating specimen holding rack 36 
attempts to provide each of the specimens with an 
average overall equal amount of irradiance. Inner 
walls 38 are used to direct reflective light of the dis- 
charge lamps 30 outward to the specimens. 

Another device, employing ultraviolet lamps in an 
arrangement similar to FIGURE 1, is known to include 
a single sensor. However, in such an arrangement it 
is necessary to match the characteristics of the lamps 
prior to placing them in such a device. This is required 
since the sensor will only sense the lamps closest to 
its location. Thus, the sensor will assume the lamps 
placed distant from it are operating the same as the 
lamps it actually senses. 

The Suga patent attempted to improve on the pri- 
or art device shown in FIGURE 1 by adjusting the 
alignment of the row of discharge lamps 10 of FIG- 
URE 1 into a non-symmetric arrangement. This ar- 
rangement is shown in FIGURE 3. As notejJ in this 
Figure, the discharge lamps 10 are not disposed im- 
mediately below each other. Rather, they are in a spe- 
cifically positioned arrangement. This was done in 
Suga in an attempt to provide irradiance to the sam- 
ples 14 with a more uniform distribution. The numeral 
designations shown in FIGURE 3 are millimeter (mm) 
measurements. 

The Kockott, et al. patent is directed to a device 
using an elongated source of irradiation inside a cyl- 
indrical carrier surface. Kockott, et al. discloses three 
approaches to provide a uniform distribution of irradi- 
ance to the samples. First, mirrors 14 are arranged to 
reflect usable light; second, a light source 20 is de- 
signed to increase light intensity at its ends; and, 
third, collimating discs 24 are used to inhibit diver- 
gence of the radiation emitted from the source. 

While the above-discussed references provide 
some improvements upon the conventional appara- 
tuses shown in FIGURE 1 and FIGURE 2, drawbacks 
still exist. 

With particular attention to the Atlas and Heraeus 
devices, it is noted that both use a rotating specimen 
rack arrangement. This rack is necessary for a very 
basic reason. The Atlas device includes a monitoring 
system which monitors the overall output of the xenon 
arc lamp in order to attempt to maintain a predeter- 
mined total irradiance output level over time for the 
entire system. The Heraeus device uses three sen- 
sors to control the three different lamp's output over 
time. These sensor arrangements are used to pro- 
duce an irradiance which is constant overtime. How- 
ever, neither of these devices use a sensing arrange- 
ment to make irradiance constant over space. 

Both of the devices use a rotating specimen rack 
in an attempt to achieve spatial uniformity. Therefore, 
spatial uniformity which is achieved, is accomplished 
by having the specimens in the rotating rack revolve 
around the lamps, so the effective light dosage re- 
ceived by each specimen is an average of the differ- 



ent irradiances at each point on the circumference of 
the sample plane. Though rotating the rack increases 
uniformity, it also increases the complexity of the de- 
vice by requiring a motor and associated rotation 

5 mechanisms. 

Thus, even though these devices include irradi- 
ance sensing capabilities, they implement these ca- 
pabilities only for a consistent output over time, not 
space. As can be seen in FIGURE 2, due to the ge- 

10 ometry of the devices, there is a different irradiance 
at every point around the circumference of the sam- 
ple plane. Therefore, areas which are located in front 
of a discharge lamp 30 wOi have a high irradiance 
area H while samples which are at a position distant 

15 from a discharge lamp 30 will receive lower L irradi- 
ance. Rotation of the rack attempts to produce an 
overall average uniformity of irradiance impinging 
upon samples. 

The known ultraviolet system using a single sen- 

20 sor includes the drawback of needing to match the 
lamps being used in the system. This requires exten- 
sive testing of the lamps prior to use. A further draw- 
back is that in such a system, when a lamp located 
distant from the sensor location burns out or de- 

25 grades, the decrease in its output will not be sensed. 
This is true as only the nearest lamps are actually 
sensed and an assumption is made that the remain- 
ing lamps are functioning in a similar manner. 

The Suga patent attempts to increase the uni- 

30 formity of light impinging upon specimens by moving 
the center two lamps away from the samples to in- 
crease uniformity of light to the samples from top to 
bottom. A drawback of such an arrangement is that it 
is not possible to easily retrofit existing weathering 

35 devices to gain whatever improvement there may be 
from the Suga arrangement 

A drawback to the Kockott, et al. patent is that it 
is directed to single lamp systems. Another drawback 
to Kockott, et al. is that it increases the complexity 

40 and cost of the apparatus. 

A further drawback associated with the conven- 
tional testing apparatuses as discussed above is their 
calibration. These devices require manual manipula- 
tions by an operator which in turn means the operator 

45 is required to make decisions which are critical to 
proper calibration. Since the operator is responsible 
for making decisions while manually re-calibrating the 
apparatus, the accuracy of the calibration wilt be de- 
pendent upon the skill of the operator. Additionally, 

so since the calibration is accomplished manually, ex- 
tended down time occurs during such calibration and 
there exists a substantial possibility of inaccuracies 
due to operator error. 

The subject invention contemplates a new and 

55 improved accelerated weathering apparatus that 
overcomes all of the above referenced problems and 
others and provides an easily assembled, reliable 
testing structure. 
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According to one aspect of the present invention, 
there is provided an improved accelerated weather- 
ing apparatus. The apparatus includes a housing with 
a test chamber and a specimen supporting wall locat- 
ed on a side of the chamber Alight source is provided s 
in t he test chamber. A ballast arrangement is connect- 
ed to the light source for controlling the amount of 
power the light source receives from a power source. 
A controller is connected to the ballast arrangement, 
to produce a ballast control signal for controlling op- 10 
eration of the ballast arrangement according to a de- 
.sired set-point value. A light source detector is insert- 
ed in the specimen supporting wall in order to detect 
irradiance existing in the test chamber so the light 
source detector can generate an irradiance signal is 
which is then input to the controller. The controller 
uses the irradiance signal to adjust the ballast control 
signal to maintain the selected set-point value. A cal- 
ibration portion includes a reference detector de- 
signed to detect the irradiance inside the test charrv 20 
ber and to produce a reference irradiance signal. The 
reference irradiance signal is transmitted to a calibra- 
tion meter which produces a calibration signal. The 
calibration signal is transmitted to the controller for 
calibrating the apparatus. 25 

According to another aspect of the invention, the 
accelerated weathering apparatus includes a barrier 
configuration located within the test chamber. The 
configuration is composed of material which selec- 
tively blocks and diverts beams of light produced by 30 
an array of light sources. The blocking and diversion 
of the beams is made to occur in a pattern selected 
to increase an even distribution of the beams to the 
specimen supporting wall. 

According to another aspect of the present inven- 35 
tion, in the accelerated weathering apparatus the 
light source is a plurality of individual light sources 
and the device also includes a plurality of concurrent- 
ly operating automatically adjusted control channels 
for controlling output of the individual light sources. 40 
The channels control the output of at least one of the 
light sources. 

In a more limited aspect of the apparatus, each 
of the channels include a ballast, a control device, and 
a light source detector. The ballast is connected to at 45 
least one of the light sources to control the amount of 
power the light source receives from the power 
source. The control device is connected to the ballast 
and produces a ballast control signal to control the op- 
eration of the ballast device. The light source detector so 
is inserted into the specimen supporting wall at a lo- 
cation corresponding to an associated light source, in 
order to detect irradiance existing in the test chamber 
produced by the light source. The detector also gen- 
erates an irradiance signal, representative of the de- 55 
tected irradiance, which is transmitted to the control 
device. The control device uses the irradiance signal 
to adjust the ballast control signal in order to maintain 



a selected value. 

One advantage of the present invention resides 
in its ease of operation and accuracy. In particular, 
many of the tasks previously required to be per- 
formed by an operator are now removed from opera- 
tor control and performed automatically, thereby re- 
ducing the possibility of operator error. The preferred 
embodiment adjusts the output of the lamps to a de- 
sired set-point and calibrates the apparatus in re- 
sponse to the actuation of a switch by the operator. 
Thus there is no need for the operator to manually cal- 
ibrate the apparatus or adjust the output of the lamps. 

Another advantage of the present invention re- 
sides in the improved accuracy with which the cali- 
bration procedure is performed. 

Another advantage of the present invention re- 
sides in controlling the light beam distribution within 
the test chamber. Such control increases the uniform 
distribution of beams to all of the specimens in the 
specimen wail. 

Still yet^another advantage of the present inven- 
tion resides in individual channel control of the light 
sources. By using a plurality of detectors and a plur- 
ality of channels to control the output of the light 
sources a uniformity over time and uniformity over 
space of irradiance within the test chamber is ach- 
ieved. This is accomplished by assuring that each of 
the individual channels have equivalent outputs. 

An additional benefit of the plurality of channels 
controlling the light sources is that as the output from 
a particular light source degrades the ballast can be 
signaled to boost output of that particular light source. 
Thus, since an operator can observe the displayed 
output value of each channel and replace light sourc- 
es when the desired output can no longer be ach- 
ieved, an increase in the useful life of a light source 
is accomplished. Therefore, if only one light source is 
burned out, it can be replaced without replacing all of 
the light sources. 

Still yet another advantage of the present inven- 
tion resides in the implementation of internal calibra- 
tion circuits of the calibration meter which are select- 
able by a switch such as a pushbutton. This allows ac- 
curate calibrations to be made on different types of 
light sources, without the necessity of changing the 
reference detectors or the calibration of the calibra- 
tion meter. Such a change would otherwise be nec- 
essary since a detector's response will vary depend- 
ing on wavelengths received, and different light 
sources will produce different wavelengths even at 
equal outputs. For example, a UV-A lamp will cause 
a larger signal to be detected by a sensor than a UV- 
B lamp at the same output since a UV-A lamp has a 
longer wavelength. 

Still further advantages of the present invention 
will become apparent to those of ordinary skill in the 
art upon reading and understanding the detailed de- 
scription of the preferred embodiment. 
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The invention may take form in various parts and 
arrangements of parts and in various steps and ar- 
rangements of steps. The drawings are only for pur- 
poses of illustrating a preferred embodiment and are 
not to be construed as limiting the invention. 

FIGURE 1 is a schematic sectional end view of a 
conventional testing apparatus; 
FIGURE 2 is a schematic side view of a conven- 
tional testing apparatus using a rotating speci- 
men rack; 

FIGURE 3 is a diagram of a known arrangement 
of lamps in a conventional testing apparatus; 
FIGURE 4 is a diagrammatic illustration end view 
of an accelerated weathering apparatus in accor- 
dance with the present invention showing the 
features of multi-channel control and calibration; 
FIGURE 5 is a logical schematic of the diagram- 
matic illustration of FIGURE 4, of a preferred em- 
bodiment of the accelerated weathering appara- 
tus in accordance with the present invention; 
FIGURES 6A-6B are preferred embodiments of 
the barrier feature of the accelerated weathering 
apparatus in accordance with the present inven- 
tion; 

FIGURE 7 is a graph showing results of testing of 
irradiance distribution in various situations; 
FIGURE 8 is a flow chart illustrating the operation 
of one channel of the multi-channel feature of the 
present invention; 

FIGURE 9 is a flow chart showing a preferred 
embodiment of the calibration operation in accor- 
dance with the present invention; 
FIGURE 10 shows the present invention in an al- 
ternative embodiment wherein the specimen 
holding device is a horizontal specimen drawer. 

Detailed Description of a Preferred Embodiment 

With reference to FIGURE 4, an accelerated 
weathering device is shown which includes a housing 
40 with outer panels 42 for enclosing a test chamber 
area 44. Downwardly and outwardly inclined speci- 
men supporting wails 46 are located on opposite 
sides of the test chamber 44. Air gaps 48 located be- 
tween the outer panels 42 and the specimen walls 46 
allow for air flow to cool the backsides of specimens. 

Within the test chamber 44 is a light source such 
as eight ultraviolet fluorescent lamps 50 divided into 
two rows 52 and 54 each having four fluorescent 
lamps 50. 

Several types of fluorescent ultraviolet lamps can 
be used in the present apparatus. The particular ap- 
plication determines which lamp should be used. The 
lamps differ in total amount of ultraviolet energy emit- 
ted and in their wavelength spectrum. 

Fluorescent lamps are usually categorized as 
UV-A or UV-B lamps, depending on the wavelength 
region into which most of their light output falls. The 



ultraviolet spectrum is divided into three wavelength 
regions, the UV-A region from 31 5 to 400 nanometers 
(nm), the UV-B region from 280 to 315 nm, and the 
UV-C region, below 280 nm. 

5 The UV-B region includes the shortest wave- 

lengths found in sunlight at the earths surface and is 
responsible for most polymer damage. Fluorescent 
UV-B lamps are the most widely used lamps for sim- 
ulating the damage caused by outdoor sunlight. For 

10 many applications, they are the fastest and most 
cost-efficient lamps. 

For certain applications, the longer wavelength 
spectrum emitted by UV-A lamps is used. UV-A's are 
especially useful for tests comparing genericaliy dtf- 

15 ferenttypes of polymers. Because UV-As have no UV 
output below the solar cutoff of 295 nm, they usually 
do not degrade materials as fast as UV-B lamps. But 
they give a correlation with actual outdoor weather- 
ing results. 

20 The ultraviolet lamps 50 are connected in pairs to 

a plurality of ballasts 56a-62a. The ballasts control 
the power supplied to the ultraviolet lamps 50 deliv- 
ered from a power source 64. 

The ballasts 56a-62a are part of four individually 

25 adjustable control channels. A controller 66 includes 
control circuitry which is part of the control channels. 
These individually adjustable control channels further 
include displays 56b- 62b, and light source detectors 
such as ultraviolet detectors 56 c- 62c. The ultraviolet 

30 detectors 56c-62c are inserted into the specimen 
holding walls 46 at positions where it is most benefi- 
cial for detection of the irradiance generated by the 
pair of the ultraviolet lamps controlled by a corre- 
sponding control channel. In particular, the detectors 

35 are placed generally midway between the two lamps 
of a pair. 

In the preferred embodiment the holding walls 46 
are comprised of specimen panels which hold the in- 
dividual specimens, and a frame into which the pan- 

40 els are placed. Additionally, detector panels such as 
detector panel 70 are provided for holding the detec- 
tors 56c-62c. Each detector panel 70 includes four 
openings, two of the openings 70*. which are vertical- 
ly distanced from each other, are for ultraviolet detec- 

45 tors, and the additional two openings 71*. which are 
immediately adjacent to the ultraviolet detector open- 
ings, are for a reference detector 71 when calibrating 
an associated control channel. 

A set-point control 68 is provided to generate and 

so transfer a set-point value at which the control chan- 
nels (56a-62a; 56b-62b; 56c-62c; 66) of the device 
are to operate, this set-point value is reflected on set- 
point display 68a. 

The reference detector 71 in one embodiment 

55 can be of the cosine response receptor type, which 
accurately detects irradiance according to the cosine 
angle of the light impinging upon it. The reference de- 
tector 71 transmits a detected reference irradiance 
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signal 72 to a calibration meter 74. The calibration me- 
ter 74 includes a selector switch 76 for selecting be- 
tween operations for calibrating lamps of UV-A or UV- 
B types. Four channel selection switches 78-84 make 
it possible for an operator to individually calibrate 
each of the control-channels. A calibration display 86 
displays the value of a calibration signal (in units of 
W/m/nm 2 at X nm) which is generated from the detect- 
ed reference irradiance signal 72. A calibration signal 
88 is transmitted automatically to a calibration input 
90 connected to, or which is part of the controller 66. 

When it is desired to calibrate any of the control 
channels the reference detector 71 is inserted into a 
reference detector opening 71* in the appropriate de- 
tector panel which is in one of the specimen holding 
walls 46. The reference detector opening 71' may in- 
clude a cover which is opened to insert the reference 
detector 71 therein. 

FIGURE 5 is a logical schematic which shows the 
apparatus in an alternative representation format. 
This format while reflecting what is shown in FIGURE 
4 additionally discloses that two calibration potenti- 
ometer circuits, type A and type B. are included within 
the calibration meter 74. Dependent upon which lamp 
type is selected by selector 76 a particular potentiom- 
eter arrangement will be used. The calibration meter 
74 in FIGURE 5 further shows that an irradiance 
measurement processor 92 is used to convert the de- 
tected reference irradiance signal 72 into a value for 
use on display 86. Additionally, the processor 92 de- 
velops the calibration signal 88 which is transmitted 
to the calibration input 90. 

FIGURES 6A and 6B show preferred embodi- 
ments of the barrier arrangements used to increase 
the uniformity of irradiance distributed to the speci- 
mens. In order to simplify the discussion with refer- 
ence to FIGURES 6A-6B, only light beams emitted 
from the ultraviolet lamps in row 52 are shown. Thus 
for this discussion the irradiance is only impinging 
upon the specimens on the right side specimen wall 
46. With particular attention to FIGURE 6A, a more 
uniform distribution of irradiance is achieved by 
placement of a material used to interfere with the ran- 
dom beam pattern by deflecting and/or blocking 
beams from the fluorescent lamps of row 52. The par- 
ticular arrangement includes vertical strips 102 and 
104 and light bars 106 and 108. The placement of this 
diverting and blocking material causes the beams 
emitted from the fluorescent lamps 50 to be directed 
to the upper and lower portions of the specimen wall 
46. When no barrier arrangement is included the mid- 
dle portion of the specimen wall 46 receives the high- 
est percentage of light beams from the lamps located 
on the opposite side of the chamber, thereby provid- 
ing uneven distribution of irradiance to the speci- 
mens. 

FIGURE 6B shows a second embodiment of the 
present barrier arrangement. In this embodiment a 



first vertical material 110 and light bars 112 and 114 
are implemented. 

It should be noted that the vertical lines 116 
shown on the specimen wall 46 of the device are in- 

5 tended to represent the spatial distribution of the 
beams of IJght being directed towards the associated 
section of the wall 46, from the lamps on the opposite 
side of the test chamber. As can be seen in FIGURES 
6Aand 6B the inclusion of the barrier devices in the 

10 preferred embodiments direct the light beams in a 
more desirable pattern to the upper and lower regions 
of the chamber. Thus, the disclosed arrangement of 
these barriers improve the distribution of light beams 
developed by the opposite side row of ultraviolet 

is lamps. 

FIGURE 7 is a graph reflecting data in a test 
chamber similar to that of the preferred embodiment 
of the present invention. The data reflects three sit- 
uations. The first is when no barrier arrangement is 

20 used within the test chamber 117; second, when an 
arrangement of the lamps are provided similar to that 
shown by Suga 118; and third, when a barrier ar- 
rangement corresponding to the preferred embodi- 
ment shown in FIGURE 6A 119, is implemented. The 

25 results disclosed by such testing show that there is a 
± 14.5% deviation of irradiance from the top of a stan- 
dard sample plane to the bottom of a standard sample 
plane, for a sample plane which is 8 inches in its vert- 
ical position. When the arrangement of the lamps in 

30 Suga is implemented, there is a ± 8.8% deviation from 
the top of the standard sample plane to the bottom. 
When an apparatus of the present invention uses a 
barrier arrangement as shown in FIGURE 6A, there 
is a ± 5.9% deviation from the top to the bottom of the 

35 standard plane. 

With attention to FIGURES 8 arlB 9, the opera- 
tional procedure of the accelerated weathering appa- 
ratus shown in FIGURES 4-5 will be discussed. In 
particular, in FIGURE 8 an operator enters a set-point 

40. value 120. This set-point value is displayed on a dis- 
play device 122. The set-point value is also transfer- 
red to, and stored in the controller 124. Detectors de- 
tect irradiance existing in the test chamber due to out- 
put of the ultraviolet lamps, and a detected irradiance 

45 signal proportional to irradiance in the chamber is 
transferred to the controller 126. Control circuitry of 
the controller calculates an irradiance value which is 
representative of the detected irradiance 128. This 
calculation operation includes the use of a calibration 

50 ratio which is stored in the controller. Thereafter, the 
irradiance value is displayed on the selected channel 
display 130. This irradiance value is compared to the 
previously entered set-point value 132 and it is deter- 
mined whether or not these values are equal 134. If 

55 the values are equal the above process is cycled be- 
ginning with detection of irradiance existing in the test 
chambers 126-134. 

If, on the other hand, the irradiance value and the 
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set-point value are not equal a determination is made 
as to whether or not the set-point value is greater than 
the irradiance value 136. When the set-point value is 
greater than the irradiance value the controller devel- 
ops a ballast control signal to increase the power 5 
which is sent to the lamps 138. tf the set-point value 
is less than the irradiance value the controller devel- 
ops a ballast control signal which decreases the pow- 
er sent to the lamps 140. This ballast control signal is 
transmitted to the ballast 142. Responsive to this sig- 10 
nat the ballast output readjusts so the output of the ul- 
traviolet lamps are increased or decreased depending 
on the requirements necessary to maintain the set- 
point value 144. It is to be appreciated that the above 
discussion is similar for all four control channels and 1 5 
that the control channels are each concurrently mon- 
itoring the lamps 50 associated with each particular 
channel. 

By having four individually adjustable control 
channels, it is possible to provide uniformity of irra- 20 
diation to the specimens over both time and space. In 
particular, the detectors 56c-62c are capable of de- 
tecting when the irradiance is not of a desired value 
and the device can automatically readjust the power 
to the fluorescent lamps 50 in order to bring the out- 25 
put of the lamps 50 associated with a particular con- 
trol channel to a desired level. Thus, each pair of flu- 
orescent lamps, controlled by the control channels, 
are capable of outputting a consistent irradiance over 
an extended time period. When either of the lamps of 30 
the pair vary, the ballast output is adjusted to com- 
pensate for such deviation. Thus, a consistency in 
uniformity over time is accomplished. 

Further, since there are a plurality of detectors 
arranged spatially in the apparatus, it is possible to 35 
provide for a uniformity over the area of the specimen 
wall 46. With particular reference to FIGURE 4, if de- 
tector 56c detects an irradiance of too high a value or 
too low a value the output of the associated ultraviolet 
lamps 50 are adjusted to come within a desired set- 40 
point range. This adjustment will be made for all the 
lamp pairs of the respective control channels. Thus as 
shown in FIGURE 4, control displays 56b-62b will 
show equal irradiance being detected. Thus, ultravio- 
let detectors 56c-62c are detecting the same irradi- 45 
ance values along the height of the specimen walls 
46. If only a single detector were used in the present 
system there would be no uniformity over space, as 
the detector would be detecting only the light which 
existed at a single location which may or may not be 50 
representative of other locations in the test chamber. 

With reference to FIGURE 9, a discussion will 
now be had concerning the calibration of the appara- 
tus shown in FIGURES 4 and 5. In particular, a refer- 
ence detector is inserted into one of the openings or 55 
covered ports which are immediately adjacent to the 
ultraviolet detectors 150. The operator selects the 
mode of desired testing (i.e. UV-A or UV-B) 152. The 



reference detector detects the irradiance associated 
with the channel being calibrated 154 and a detected 
reference irradiance signal, representing the detect- 
ed irradiance is transmitted to the calibration meter 
156. 

A calibration signal is generated from the detect- 
ed reference signal by the irradiance measurement 
processor 158 and a calibration value representing 
the calibration signal is displayed. Next, the operator 
selects one of the four independent control channels 
160 to be calibrated. The selected channel will corre- 
spond to the channel being monitored by the refer- 
ence detector. The calibration signal is transmitted to 
the controller 162, and replaces the calibration ratio 
previously stored in the controller, which is used to ad- 
just the irradiance signal detected by the ultraviolet 
detector of the selected channel. After this new cali- 
bration ratio has been transferred, the operation of 
the apparatus is transferred to step 126 of FIGURE 
B. 

The irradiance value will then be equal to the set- 
point value indicating the channel is properly calibrat- 
ed. When calibration of one channel is accomplished, 
the reference detector can be moved by the operator 
to another opening and another channel can then be 
tested, or the testing can be ended. 

FIGURE 10 shows an additional embodiment to 
the present invention wherein the specimens are 
placed within a specimen drawer 180 rather than in 
a specimen holding rack 46. The drawer is substan- 
tially horizontal. The lamps 50 are arranged above 
the specimen drawer. 

It is to be appreciated that the preferred embodi- 
ment can be altered to have more or less than eight 
ultraviolet lamps, have more or less than two lamps 
controlled by each control channel, and more than the 
four control channels. It is also possible to operate the 
device with only two or three control channels, how- 
ever, refinement of the uniformity of time and space 
would degenerate somewhat, while increasing the 
number of lamps and control channels add to the 
space constraint problems. 

It is to be further appreciated that the present in- 
vention can be used in systems using xenon and 
other discharge lamps. Elements of the invention 
such as the automatic calibration can be useful in sin- 
gle lamp systems and the lamp select button allows 
use of lamps of different spectrum distributions. 

The invention has been described with reference 
to the preferred embodiment Obviously, modifica- 
tions and alterations will occur to others upon reading 
and understanding the proceeding detailed descrip- 
tion of the preferred embodiment. It is intended that 
the invention be construed as including all such mod- 
ifications and alterations. 
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Claims 

1. An accelerated weathering apparatus compris- 
ing: 

a test chamber (44); 

a specimen supporting means (46 or 180) 
for holding a specimen in the test chamber; 

an array of light sources (52, 54) located 
within the test chamber which produce light in the 
test chamber and 

a barrier (e.g. 46) located within the test 
chamber, composed of a material which inter- 
feres with passage of the light produced by the 
light sources in a pattern selected to increase an 
even distribution of the light to the specimen held 
by the specimen supporting means. 

2. The accelerated weathering apparatus according 
to claim 1, wherein the array of light sources in- 
clude: 

first and second rows of lamps each hav- 
ing a first uppermost lamp, a second lamp under 
the first lamp, a third lamp underthe second lamp 
and a fourth lower most lamp, the barrier config- 
uration including; 

a first vertical strip of the material located 
midway between the uppermost lamps of the 
first and second rows, extending vertically from 
centers of the uppermost lamps to a distance 
past the outer circumference of the uppermost 
lamps and less than the outer circumference of 
the second lamps of the first and second rows; 

a second vertical strip of the material lo- 
cated midway between the second lamps of the 
first and second rows, extending vertically, sub- 
stantially from just less than the outer circumfer- 
ence of the second lamps; 

a first light bar positioned adjacent the 
second and third lamps of the first row; and 

a second light bar positioned adjacent the 
second and third lamps of the second row. 

3. The accelerated weathering apparatus according 
to claim 1 or 2, further comprising: 

a power source for powering the light 
sources; 

a ballast means connected to the light 
sources, for controlling the amount of power the 
light sources receive from the power source; 

a controller, connected to the ballast 
means, to produce a ballast control signal for con- 
trolling operation of the ballast means; 

a set-point means connected to the con- 
troller for generating and sending a set-point sig- 
nal to the controller, the set- point signal deter- 
mining an initial set-point value of the ballast con- 
trol signal; 

a light source detector means inserted into 



the specimen supporting means for detecting ir- 
radiance existing in the test chamber, and for 
generating an irradiance signal representative of 
the detected irradiance; 

5 an irradiance signal input means for input- 

ting the irradiance signal to the controller, the 
controller using the irradiance signal to adjust the 
ballast control signal, to maintain the selected 
set-point value; and, 

10 a calibration device, including a reference 

detector means designed to detect the irradiance 
inside the test chamber and to produce a refer- 
ence irradiance signal representative of the de- 
tected irradiance, a reference irradiance signal 

15 transmitting means connected to the reference 

detector means, a calibration meter arranged for 
receiving the reference irradiance signal and for 
producing a calibration signal, and a calibration 
signal input means connected to the controller for 

20 inputting the calibration signal directly to the con- 

troller. 

4. An accelerated weathering apparatus compris- 
ing: 

25 a test chamber (44); 

a specimen supporting means (46 or 180) 
for supporting specimens in the test chamber; 

a light source (50) located within the test 
chamber for producing light in the test chamber; 
30 a power source (64) for powering the light 

source; 

a ballast means (56a, 58a, 60a, 62a) con- 
nected to the light source, for controlling the 
amount of power the light source receives from 
35 the power source; 

a controller (66), connected to the ballast 
means, to produce a ballast control signal for con- 
trolling operation of the ballast means; 

a set-point means (68) connected to the 
40 controller for generating and sending a set-point 

signal to the controller, the set-point signal deter- 
mining an initial set-point value of the ballast con- 
trol signal; 

a light source detector means (56c, 58c, 
45 60c, 62c) inserted into the specimen supporting 

means for detecting irradiance existing in the test 
chamber, and for generating an irradiance signal 
representative of the detected irradiance; 

* an irradiance signal input means, for input- 
50 ting the irradiance signal to the controller, the 

controller using the irradiance signal to adjust the 
ballast control signal, to maintain the selected 
set-point value; 

a reference detector means (71) designed 
55 to detect the irradiance in the test chamber and 

to produce a reference irradiance signal repre- 
sentative of the detected irradiance; 

a reference irradiance signal transmitting 
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means (72) for transmitting the signal to the ref- 
erence detector means; 

a calibration meter (74) arranged for re- 
ceiving the reference irradiance signal and for 
producing a calibration signal; and, 

a calibration signal input means (88) for in- 
putting the calibration signal directly to the con- 
troller. 

5. The accelerated weathering apparatus according 
to claim 4 further including: 

a plurality of light sources; and, 
a barrier located within the test chamber, 
the barrier being composed of a material which 
interferes with passage of light produced by the 
plurality of light sources in a pattern selected to 
increase uniformity of the light across each of the 
specimens attached to the specimen supporting 
wall. 

6. The accelerated weathering apparatus according 
to claim 4 or 5, wherein the calibration meter in- 
cludes a transfer switch, which when activated 
automatically transfers the calibration signal from 
the calibration meter, through the calibration sig- 
nal input means, to the controller. 

7. The accelerated weathering apparatus according 
to claim 4 or 5, wherein the calibration meter in- 
cludes at least two internal calibration means, 
which allows calibration of at least two different 
types of ultraviolet light while using the same ref- 
erence detector means. 

8. The accelerated weathering apparatus of claim 7, 
wherein the calibration meter calibrates for UV-A 
and UV-B ultraviolet fluorescent lamps. 

9. An accelerated weathering apparatus compris- 
ing: 

a test chamber 

a specimen supporting means for support- 
ing a specimen in the test chamber; 

an array of light sources located within the 
test chamber for producing light in the test cham- 
ber 

a power source for powering the light 
sources; and, 

a plurality of automatically adjustable con- 
trol channels for concurrently controlling outputs 
of the light sources each of the channels control- 
ling an output of at least one of the light sources. 
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channels for concurrently controlling outputs of 
the light sources, each of the channels controlling 
an output of at least one of the light sources, each 
channel having a light source detector, to detect 
the irradiance inside the test chamber, the meth- 
od comprising the steps of: 

detecting with each of the light source de- 
tectors irradiance existing in the test chamber 
substantially due to irradiance produced by the 
light sources associated with the control channel 
with which the light source is associated, in order 
to develop an irradiance signal; 

transferring the irradiance signal detected 
by the ultraviolet detector to control circuitry of 
the control channel; 

comparing the irradiance signal with a set- 
point value to determine if they are equal; 

increasing a ballast control signal to the 
ballast associated with control channel when the 
set-point signal is greater than the irradiance sig- 
nal; 

decreasing the ballast control signal se- 
quence to the ballast associated with the control 
channel when the set-point signal is less than the 
irradiance signal; and 

altering the ballast output associated with 
the control channel, based on the increase and 
decreasing steps in order to alter the output of the 
light source. 



11. The method of claim 10 further including: 

inserting a reference detector immediately 
adjacent one of the light source detectors; 

selecting one of the control channels for 
35 calibration; 

detecting with the reference detector ir- 
radiance existing in the test chamber substantial- 
ly due to irradiance produced by the light source 
associated with the selected control channel, in 
40 order to develop a calibration signal; 

comparing the calibration signal with the 
irradiance signal developed for the light source 
associated with the selected control channel; 
and, 

45 outputting a signal to the ballast associat- 

ed with the selected control channel in order to 
calibrate the output of the selected control chan- 
nel. 



50 



10. A method of accelerated weather testing of spe- 
cimens in a testing apparatus having a test cham- 55 
ber, a specimen supporting means, light sources 
powered by a power source controlled by a bal- 
last, a plurality of automatically adjustable control 
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@ Accelerated weathering apparatus. 

© A weathering apparatus having a light source 
50 which irradiates onto specimens located in a 
specimen supporting wall 46 which is located 
on a side of a test chamber 44. The output of the 
light source is controlled by Independently ad- 
justable control channels. Each of the control 
channels include a light source .detector e.g. 
56c inserted into the test chamber, control cir- 
cuitry, and baflasts 56a-62a connected to the 
light sources. The light sources are controlled 
by the control channels to deliver an output 
equivalent to a desired set-point In order to 
disperse light in an even manner to the speci- 
mens, a barrier e.g. 102, 104 is provided which 
interferes in a predetermined pattern with the 
passage of light produced by the light sources. 
The apparatus includes a calibrating device 74 
which automatically transfers an irradtance sig- 
nal from a reference detector selectively posi- 
tioned immediately adjacent the light source 
detector. The calibration signal is sent to the 
controller where the re-ceJfcration of a selected 
control channel is accomplished. 
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